SUMMARY: Strains of Sporocytophaga myzococcoides were cultivated in a mineral nutrient medium with glucose. In media containing 0.1 yo glucose sterilized by Seitzfiltration growth readily occurred, whereas in corresponding media with 0.5 and 1.0 yo glucose there was a pronounced lag in development that sometimes lasted for several weeks.
1.0 yo glucose there was a pronounced lag in development that sometimes lasted for several weeks.
The duration of the lag period appeared to depend on the number of cells in the inoculum, and could be diminished by incubation a t 25' instead of 30°, although the latter temperature is nearer to the optimum temperature for growth. Apparently adaptation to the high glucose concentration takes place during the lag period.
Cells adapted to high glucose concentrations grow readily in media with the same concentration of mannose, whereas non-adapted cultures do not grow in these media, or only after a long lag period. None of the strains investigated showed any development in media in which either fructose or xylose was the sole source of carbon ; nevertheless, these sugars did not inhibit, or only slightly, inhibited cellulose decomposition.
Stanier's observation, that the development of Sp. m.yxococcoides is inhibited when the glucose is autoclaved in the nutrient medium, was confirmed. If, however, due care be taken to avoid an alkaline reaction, glucose autoclaved either separately or in the medium sustains growth in the same way as does glucose sterilized by filtration.
For several types of cellulose-decomposing micro-organisms the ability to hydrolyse cellulose to the constituent sugars, either cellobiose or glucose, has been demonstrated. This, as well as the fact that at least some of these organisms have been found to grow on glucose as a sole source of carbon, has led to the general conception that cellulose breakdown by micro-organisms proceeds in the following two steps: (1) hydrolysis to glucose, succeeded by (2) oxidation or fermentation of this sugar to the final metabolic products. Howcver, until recently cellulose-decomposing soil bacteria of the Cytophagu group seemed to be an exception to this rule. I n spite of several attempts nobody had been successful in demonstrating either cellulase activity or growth on glucose. Moreover, the fact that even low concentrations (0.1-@2%) of reducing sugars, glucose included, retarded or even completely inhibited cellulose decomposition, suggested a toxic action of this sugar towards Cytophuga spp. As the older literature on this subject is discussed extensively in the papers of Stanier (1942 b) and Fiihraeus (1947) we shall not enter into details here.
Fiihraeus (1941) attacked this problem from the quantitative side. With the aid of glucose and,cellulose determinations he showed that glucose, added in low concentrations (0.05 yo) to the cellulose medium, was rapidly consumed by both strains studied, and further that the observed delay in the cellulose decomposition was due to a preferential attack on the glucose. However, when using higher glucose conc&trations he observed a lag in the development during which neither cellulose nor glucose was consumed. For the strain of but FBhraeus's own strain '3' was less sensitive. After the initial growth inhibition, which lasted for about 10 days, glucose was consumed first, and then cellulose.
The demonstration that Cytophaga spp. were able to use glucose .made i t plausible that like other cellulose-decomposing organisms, they would hydrolyse this polysaccharide previous to oxidation. Further evidence for a hydrolytic breakdown was given later (FBhraeus, 1944 (FBhraeus, , 1946 (FBhraeus, , 1947 .
Though the retardation of cellulose decomposition effected by low glucose concentrations had been satisfactorily explained by the fact that glucose is consumed preferentially, the phenomenon of the delay of both glucose and cellulose, consumption caused by higher glucose concentrations required further investigation.
In 1942 Stanier published two papers on the Cytophaga group, dealing also with its glucose metabolism. At that time, owing to war conditions, Stanier was not yet acquainted with FBhraeus's results. The important discovery was made by Stanier that glucose not sterilized by heating, but by Seitz-filtration, was, at least in a liquid medium, an excellent source of carbon for his Sporocytophaga and Cytophaga strains. This appeared to be true for glucose concentrations up to 2 %, maximal growth occurring after 5 days in all concentrations, in tubes without cellulose. Stanier states in this connexion : 'Furthermore, the glucose sterilized by filtration exerted no "toxic effect" on the growth in the presence of cellulose. With the highest concentrations tested there was, it is true, a decrease in cellulose decomposition, but at the same time abundant growth occurred in the surrounding liquid medium. This partial inhibition of cellulose decomposition is probably due to preferential utilization of the monosaccharide.' One should compare these results with Stanier's experiments with glucose, autoclaved in the nutrient medium, where 0.1 yo or less of glucose in the cellulose medium supported maximal growth after 6 days, but 0-5-2 yo even after 20 days did not support any growth. Stanier suggested that the toxic effect must be a result of the formation of harmful decomposition products from the glucose when heated in the phosphate-containing medium. However, he did not describe experiments with glucose autoclaved separately in distilled water.
FAhraeus (1947) made it clear that throughout his earlier work he had used glucose sterilized in this way, and that he had nevertheless observed inhibition. From this, one might conclude that heating glucose in distilled water also gives rise to inhibiting substances. However, this need not necessarily be true, for in FQhraeus's experiments the glucose was toxic irrespective of any heating, since, contrary to Stanier, he The length of the rods of these three strains is approximately the sanie, about 3-5-5p, and the diameter of their microcysts is approximately 1 . 6 ;~ Strain D produces a pale yellow pigmentation and does not produce much slime, whereas strains H and W cause a deep yellow orange coloration of the paper accompanied with more abundant slime production.
The first author (A. K. S) had established in 1942 that these strains were able to grow, though badly, in media with, as the sole source of carbon, 0.1 % of glucose which had been sterilized by autoclaving in the complete medium.
I n view of Stanier's results these experiments were repeated in 1946 shortly after receipt of his publication. It then appeared that it was indced possible to obtain good growth in media containing the said low glucose concentration also when heat sterilization was applied. Hitherto i t had been found necessary either to autoclave the glucose separately in distilled water, or to keep the p H of the medium to be sterilized at a value not exceeding 7.0. However, when the glucose was autoclaved in an even slightly alkaline medium, no development took place. The behaviour of the three strains in media with higher glucose concentrations had not been tested before the present work was undertaken.
Methods
For the experiments culture tubes containing 9 ml. of a mineral medium with the composition given below, and various concentrations of glucose, were used. The glucose was added as a concentrated solution in distilled water which was separately sterilized, either by Seitz-filtration or by autoclaving for 15 min, at 110". The figures given below refer to the final concentrations after addition of glucose to the basal mineral medium. (The glucose used was 'Analar', British Drug Houses Ltd.)
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Sometimes parallel tubes were set up both with and without the addition of cellulose (as strips of filter paper No. 597, Schleicher & Schiill). As, however, growth was often poorer in the presence of filter-paper than in its absence, the paper strips were as a rule left out in the experiments reported here. The unfavourable effect of the filter-paper may be due to harmful substances in i t (FBhraeus, 1947) .
The media indicated in Table 1 were used; they proved to be equally satisfactory. The pH was adjusted to give a value of 7.2 after autoclaving. All cultures were incubated at 30°, unless otherwise stated.
The tubes were inoculated with a loopful up to a few drops of a suspension either of attacked cellulose fibres taken from a young culture on filter-paper, or of the bacteria present in a previous culture in a sugar medium.
Results

Growth in liquid glucose-containing media
glucose autochved separately in distilled water was studied.
First the behaviour of four strains towards, different concentrations of i=growth occurred only in some tubes.
As shown in Table 2 the results were essentially the same for all strains, in that in all cases the development was markedly retarded above a certain glucose concentration. The results confirm those obtained previously (Fiihraeus, 1941 (Fiihraeus, , 1947 . ' Cytophaga globulosa' seemed to be the most sensitive strain, but it also finally grew in the highest concentration, although somewhat irregularly. The slightly better growth of this strain than in earlier experiments (cf. Fiihraeus, 1947, p. 54) may be due to the use of a different medium. The medium used in the experiments reported here contained nitrate as a source of nitrogen, while most earlier experiments were carried out with ammonia as a nitrogen source. There were also certain other differences, but the decomposition of cellulose in the absence of glucose was unaffected by this change in the composition of the medium.
Subsequently, the growth of ' C . globulosa' and strain H in various concentrations of filtered glucose was compared with that in a medium with glucose autoclaved separately. A Jena glass filter (G 5 on 3) was used for the filtration. The results are summarized in Table 3 . -=no growth in 21 days.
i=growth only in some tubes.
From these results it is quite clear that, a t least under the conditions of the experiment, the filtered glucose also was inhibitory, in agreement with previous results (Fiihraeus, 1947) .
In other experiments it was found that strains D and W showed the same inhibition by glucose, independently of its pretreatment. An experiment in flasks with a shallow layer of liquid in order to secure good aeration, did not lead to a diminution of the lag phase in glucose media.
An experiment was made with strain H to investigate whether cultivation at 25' would allow better growth in different concentrations of Seitz-filtered glucose than at 30". Inoculation was restricted to one loopful of a suspension of attacked filter-paper. Within 3-7 days growth had begun in all tubes with filter-paper only, and in those with 0.1 yo glucose, whilst in tubes with 0.5 and 1.0 yo glucose no turbidity could be observed. However, after 16 days, growth became visible in the first of these tubes; within the next few days development started in more tubes. Thus 24 days after inoculation development was apparent in four out of six tubes with 0-5 and 1.0% glucose incubated at 25" and in three out of fourteen tubes incubated at 30'. Thirty days after inoculation growth started in one more of the latter tubes. The other tubes did not show visible growth up to the time the experiment was discontinued, at 41 days. Once growth had become apparent, it was abundant within a few days. 
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These results show that in order to start growth in 0.5 and 1.0 % glucose an incubation temperature of 25" is more favourable than 30", although development in cellulose media is much more rapid at the latter temperature. As a rule it takes 5-6 days before growth becomes visible a t 25" as compared with 3 days at 30'. These results were repeatedly confirmed; one of these experiments. Here again good growth in 0.5 and 1.0% glucose occurred only after a long delay. Obviously, in those tubes in which growth finally took place the cells of the inoculum were alive, but unable to grow during a lag phase which lasted for many days. We therefore conclude that during this period adaptation to the high glucose concentration takes place, as previously suggested (FBhraeus, 1941 (FBhraeus, , 1947 . That in the experiments of Table 4 the lag was so much longer than in those summarized in Tables 2 and 3 may be ascribed to differences in strength of the inoculum. Earlier observations (FAhraeus, 1947) support this view, which was further confirmed in an experiment in which tubes with l-Oyo glucose were very heavily inoculated with attacked filter-paper taken from a culture with cellulose only; then growth usually was visible even after only 5 days at 30'. However, this experiment did not exclude the possibility that growth factors were introduced into the medium with the heavy inoculum and were really responsible for the observed shortening of the lag. But the experiment recorded in Table 5 appears to rule out this possibility. If the time required for adaptation is indeed responsible for the long lag period observed after inoculating from a cellulose culture, it would be expected that subculturing from a culture already grown in a glucose medium would not show any growth retardation.
Both for strain H and for strain W it was found that on continued transfer in media with the same high glucose concentration ( 0 -5 or 1.0%) the first growth was already manifest after 3 days' incubation at 30". This period is considerably shorter even than that observed in experiments in which very heavy inocula from cellulose cultures were used. Besides adaptation to high glucose concentrations as such, i t appeared that adaptation to a particular concentration of the sugar had taken place. In some experiments a t least, in which tubes with 0.1, 0.5 and 14y0 glucose were inoculated from a young culture in a medium with 1.0 % glucose, it was obvious that growth occurred much more readily in the tube with the corresponding sugar concentration, i.e. 1.0 yo.
Although the lag of cellulose-grown bacteria in media with high concentrations of glucose is considerably shorter a t 25" than at 30"' for continuous growth in glucose media 30" is a more favourable temperature than 25". This difference between the optimal temperatures for adaptation and for growth was established for all the strains tested, viz., H, W and D.
Cultures of Sporocytophaga growing in liquid glucose-containing media show some remarkable features. The first evidence of growth is nearly always the appearance of small yellowish granules at the surface of the sediment. One day later the liquid has become turbid, and often small floccules appear on the glass wall. Whereas filter-paper is practically only attacked near the surface of the medium, growth in glucose media is not restricted to the surface. Sometimes the turbidity is uniform throughout the medium; in many tubes, however, growth is granular and uneven, and both on the glass wall and in the liquid there occur small colourless or yellowish floccules, as described by Stanier (19424. In old cultures there is always a thick layer of bacteria on the bottom of the tube, and the supernatant liquid becomes more or less clear.
The aerophilic character of the cells is clearly demonstrated by the heavy growth that occurs when the bacteria succeed in maintaining themselves on the surface of the medium. Y1. 1, fig. 4 demonstrates how under these conditions a thick pellicle is formed at the surface; when filter-paper is present this occurs more readily.
The larger floccules sometimes present on the glass walls were about 1 mm. diameter and could easily be picked from the medium, and examined microscopically on a hollow-ground slide. After crushing, the material appears to be composed of both rods and microcysts. These colonies resemble the ' stars ' described by Stapp & Bortels for growth on a cellulose medium. In our case, however, the dimensions were much larger. fig. 5 shows bacteria obtained from a liquid medium containing 1 yo glucose. Contrary to its state in cells from cultures of the same age grown on cellulose, the chromatin is not evenly dispersed in the cells, but is localized; dividing rods, and the transition forms between rod and microcyst, are very frequent. The rods are somewhat inflated, and the microcysts are larger than in normal cultures. As these differences might be due to suboptimal conditions in the liquid medium owing to insufficient air supply, cells grown in the yellow ring a t the meniscus of the water surface were also examined. They were however very similar, though less inflated. Also in bacteria grown in a liquid medium with 0.1 % glucose the localization of the chromatinic material was rather conspicuous, but the cells were not inflated.
PI. 1,
Growth o n glucose agar
Since growth was good in a liquid medium with relatively high glucose concentrations, it was attractive to investigate the behaviour of the strains on nutrient agar containing filtered glucose. Stanier remarked that Sp. myeococcoides developed scantily, if at all, on mineral agar with 1.0 yo glucose, and that development on plates was regular only when the sugar concentration did not exceed 0.2 yo. He suggested that the addition of glucose to the melted agar at 50°, just before pouring the plates, might cause sufficient decomposition of the sugar to affect adversely the subsequent development of the bacteria. Harmsen (1946) describes the formation of distinct colonies of strains of Sporocytophaga spp. on cellulose agar containing 0-1 % or 0.25 yo glucose.
In our attempts to cultivate Sporocytophaga on glucose agar we started from both cellulose and glucose cultures. We prepared plates of the same composition as Dubos's nutrient medium (Table 1) with 1.5 yo agar that had been carefully washed with distilled water for several days. The agar was cooled to 37O, mixed with a Seitz-filtered glucose solution at the same temperature, and the plates poured immediately.
In several experiments strain H grown in a 1 % glucose medium was streaked on plates containing 1 yo glucose. Many colonies were seen after 5 days at 30'. After 12 days the largest colonies had a diameter of 2-3 mm. (Pl. 1, fig. 6 ). They were yellow-orange in colour, very slimy, and in the centres of the colonies darker parts of a peculiar shape were visible, all colonies being of the same character. In another experiment, with the same strain, streaks were made from a heavy suspension of decomposed filter-paper on to 0.1 and 1 yo glucose agar. On the latter no growth occurred, but on 0.1 yo glucose agar a great many colonies were seen after 5 days. The colonies were rather faint in colour and less thick and slimy than those on 1 % glucose described earlier. I n this case too all colonies were of the same type (cf. P1. 1, fig. 7 ).
In several other experiments it appeared that growth occurred more readily when the glucose plates were inoculated from cultures containing the corresponding concentration of glucose, once more suggesting that adaptation to the given concentration of the sugar had taken place.
It should be stressed that development on glucose agar was not always successful; in several cases growth failed completely notwithstanding that under the same conditions in other instances good growth had been obtained. We have no explanation for this.
Antje Kaars Sijpesteijn and G. Fhhraeus
The microscopical appearance of bacteria grown on 0.1 yo glucose agar can be seen in PI. 1 fig. 8 .
From strain W grown in 0.1 and in 1 yo glucose media, streaks were made on 0.1 and in 1 yo glucose agar. In addition, transfers were made from a heavy suspension of decomposed filter-paper to plates with both sugar concentrations. With the exception of the plates inoculated from the cellulose culture, in all cases colonies developed after 7 days' incubation at 3 0 ' . On these plates two types of colonies could be distinguished (cf. Stanier, 1942b) , one of which might be called a typical rough form, the other a more or less smooth form. The rods from the smooth colonies were rather long and swollen, those of the rough colonies giving a more normal picture. A cellulose medium inoculated from a rough colony supported a more rapid growth than a similar medium inoculated from a smooth colony.
In a second experiment with the same strain streaks were made from a heavy suspension of attacked filter-paper on 0.1 and 1 % glucose agar. On the latter, no growth occurred, but on 0.1% glucose agar many colonies were visible after 5 days incubation. Here too, rough (cf. PI. 1,- fig. 9 ) and smooth colonies could be distinguished, the smooth being somewhat smaller than in the first experiment.
Growth on mannose, fructose and xglose Stanier's Sp. rnyxococcoides did not attack mannose, whereas the two strains studied by FBhraeus (1947) both did so. The remaining strains H, W and D were now tested in this respect, and appeared to grow well on filtered mannose (0.1, 0.5, 1.0 yo). Nevertheless, here too there was a lag of about the same duration as in the experiments with glucose.
Cultures grown in 1 yo glucose medium were examined to see whether they would develop without delay in a medium containing the same concentration of mannose. Transfers were made from young cultures of strains H and W grown in 1 yo glucose to nutrient media with 1 yo mannose and with 1 yo glucose; the tubes were incubated at 3 0 ' . Growth was visible after 3-4 days in both media.
Experiments were carried out to investigate the suitability of fructose and xylose as a substrate for the strains H, W and D. The strains of Sporocytophaga spp. investigated by Stanier (1942b) and by FBhraeus (1947) did not grow on any of these sugars. However, since xylan is consumed by several strains of Sp. myaococcoi&s (Fuller & Norman, 1942 , 1943 these strains might grow on xylose. Tubes containing 1 % filtered fructose or xylose were inoculated with cultures of the strains H, W and D grown on 1 yo glucose. No growth occurred even after 23 days incubation. Control tubes containing 1 yo glucose inoculated a t the same time showed visible growth already after 3-4 days. This experiment was repeated several times with the same negative results. Hence it is probable that for the strains tested fructose and xylose cannot act as a substrate.
Further experiments supported this view. Tubes of nutrient media provided with a strip of filter-paper and tubes which contained in addition 1 Yo fructose or xylose were inoculated with a heavy suspension of attacked filter-paper. I n the tubes without sugar the attack on the filter-paper was manifest after 2 days incubation; after 3 more days the strips disintegrated at the surface of the medium. In the tubes containing fructose or xylose a coloration of the filterpaper became visible after 2-4 days, and 3-5 days later here too the paper was disintegrated a t the surface. The nutrient medium remained perfectly clear in all cases. These observations seem to indicate that neither fructose nor xylose had been consumed; the disintegration of the filter-paper was, however, slightly delayed by the presence of these sugars. The three strains H, and D gave similar results.
In another experiment we tested whether the strains could be adapted to growth on fructose or xylose; small pieces of filter-paper that had bcen attacked in a medium containing 1 yo fructose or 1 yo xylosc failed to cause turbidity after transfer to nutrient media with the same concentrations of these sugars, whereas turbidity was visible after 4 days in analogous cultures in glucose mcdia.
Growth on glucose autoclaved in the nutrient medium
Glucose in culture media is liable to decomposition by heat treatment, the inore so in a slightly alkaline medium. .The intensity of the yellowish tinge formed in glucose-containing media during autoclaving seems to run parallel to their inhibiting action upon certain micro-organisms. In earlier, unpublished investigations, one of us (A. K. S.), however, observed that 0.1 yo glucose could be autoclaved in the nutrient medium without any unfavourable effect on the growth of Sporocytophaga, if the pH was not allowed to exceed 7.0 during the heating. Growth on such media was as good as in media containing 0.1 % glucose sterilized either by Seitz-filtration, or by heating in distilled water. When, however, the p H was 7.2 or higher during autoclaving a marked inhibition of growth usually occurred. These cxperirnents were extended for strain H to media with 0-5 and 1.0 yo glucose. A duplicate series of tubes was prepared containing either one of these glucose concentrations or a strip of filter-paper. I n one series the p H was adjusted before autoclaving to 7.0, in the other to 7.6. The tubes were inoculated with cultures grown on filter paper, and incubated at 30' without readjustment of the pH. The filter-paper in the glucose-free tubes in both series was attacked after 3 days. Thus incubation a t the different pH values did not appear to influence the development of the bacteria. In tubes with 0.5 yo glucose at pH 7.0 growth was visible after 12 days, whereas in those a t pH 7.6 no growth was visible even after 21 days. Irrespective of the pH, there was no growth in any of the tubes with 1.0 Yo glucose in this period. Thus in the sugar-containing media autoclaved at pH 7.6 growth was impossible, whereas for the same media autoclaved at pH 7.0 results were comparable with those obtained in media to which separately sterilized glucose was added.
DISCUSSION
Earlier investigations of one of us (G. F.) showed that bacteria of the 'cytophaga '-type when decomposing cellulose start by hydrolysing this polysaccharide so that finally glucose is the nutrient on which these organisms thrive. However, all available evidence suggests that in these circumstances the concentration of the glucose always remains very low. In this connexion it is instructive that our experiments leave no doubt that the bacteria in question do not grow immediately in media with relatively high glucose concentrations (0-5-1-0 yo). Evidently the presence of glucose in these concentrations initially paralyses the normal metabolism, for if cellulose is simultaneously present it is not attacked either, during the lag period. Apparently a certain adaptation is necessary before normal metabolism becomes possible again. Then glucose is attacked preferentially, and the cellulose breakdown starts only when the greater part of the glucose has been consumed.
These results are at variance with the observations of Stanier, who reported that his strains of Sporocytophaga myzococcoides grew readily in media with a glucose concentration of 0-5 yo or even much higher. At present no explanation can be offered for this contrast, and we can only assume a specific difference between his strains and ours. with Hucker's methyl violet stain for 20 min. ; x 800.
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